The polytrauma clinical triad (PCT) is a complex disorder composed of three comorbid diagnoses of chronic pain, post-traumatic stress disorder (PTSD), and postconcussion syndrome (PCS). PCT has been documented in veterans returning from deployment, but this is the first report on PCT prevalence in nonmilitary personnel after a motor vehicle collision (MVC). Methods: Data were drawn from routine intake assessments completed by 71 patients referred to a community-based clinic for chronic pain management. All patients completed the posttraumatic stress disorder checklist for the Diagnostic and Statistical Manual of Mental Disorders, fifth edition (PCL-5), and Rivermead Post-Concussion Symptoms Questionnaire (RPQ) during a standardized intake assessment. An additional modified RPQ score was derived to address previously reported symptom overlap between PCS and chronic pain. Results: Standard and modified RPQ scores yielded PCS prevalence rates of 100% and 54.9% in our sample, respectively. Results suggest that a modified RPQ score, limited to visual and vestibular symptoms, may be more useful PCS screening criteria in patients with chronic pain. PTSD screening criteria on the PCL-5 were met by 85.9% of the patients. More than half of the patients referred for chronic pain after MVC met criteria for PCT (52.1%). Patients who met PCT criteria reported worse headache, overall pain, and sleep quality outcomes. Conclusion: Among patients in our sample with chronic pain after MVC, more than half met criteria for PCT. A modified approach to RPQ scoring limited to visual and vestibular symptoms may be required to screen for PCS in these patients.
Introduction
We propose that the mechanism of injury in MVC incorporates many of the risk factors implicated in combatrelated polytrauma injuries. It is well documented that brain injury [8] [9] [10] and PTSD 11, 12 commonly occur after MVC, and that chronic pain syndromes commonly develop after whiplash injuries. 13, 14 These MVC-related disorders are believed to occur as a result of many of the same risk factors as those that can complicate blast injuries and other injuries that occur during combat. Pain can occur as a result of direct trauma to ligaments and tendons, with associated muscle spasm and cartilage injury that cannot be diagnosed by conventional diagnostic imaging. Emotional trauma can occur as a result of the shock of the impact, the potential threat to life, and the expected negative impact on one's future health, and personal and financial security. 15, 16 Our current understanding of the mechanism of traumatic brain injury makes it clear that diffuse axonal injury can occur from rapid deceleration with or without the direct impact that is recognized as a head injury. 10, 17 The combined impact of these three risk factors may create a "perfect storm" that can lead to PCT after MVC.
This study was conducted to estimate the prevalence of PCT in patients with chronic pain after MVC. This was suspected based on the high frequency of PCS and PTSD symptoms reported during standardized intake assessments. Based on the high prevalence of certain PCS symptoms in patients with chronic pain, 18, 19 we explored the potential value of placing more emphasis on visual and vestibular symptoms, which appear to be more specific to PCS.
Methods
We conducted an analysis of routinely collected data during screening appointments of patients referred to an MVC chronic pain management program at The Seekers Center, a community-based pain management clinic in Ottawa, Canada. From May 2016 to January 2017, a total of 95 patients underwent intake assessments to determine their eligibility, and to establish treatment priorities. These included the presence of PCS, PTSD, and other mood disorders.
Screening data were collected using the Ocean mobile data platform (CognisantMD, Toronto, ON, Canada). Information was entered on a tablet PC (Samsung) and synchronized with the clinic's electronic medical records software (OSCAR, McMaster University, Hamilton, ON, Canada). Each assessment lasted approximately 1 hour and was conducted in person at the clinic. Intakes relied on selfreported data using validated questionnaires completed with assistance from an experienced clinical associate. All patients were screened uniformly, and completed the full battery of questions and screening tools. An experienced pain physician reviewed all relevant clinical information during a brief patient interview at the end of each intake.
ethics
This study was approved by the Bruyère Research Ethics Board. All patients provided written informed consent prior to data collection.
study population
Prior to their intake assessment, patients referred to the clinic were triaged as acute (less than 3 months post-MVC; n=24), or chronic (greater than 3 months post-MVC; n=71). All patients were referred by physicians and other community providers. Chronic pain was defined as persistent pain in one or more body part lasting longer than 3 months. 20 Only patients with chronic pain post-MVC (n=71) were included in the study sample.
study measures Pain
All individuals in the sample were previously diagnosed with chronic pain, which was the reason for referral. Pain severity was estimated for headache pain and overall body pain using a visual analog scale from 0 ("no pain") to 10 ("worst pain imaginable"). Patients were asked to estimate their headache pain and body pain both during flares and at baseline (average pain experienced between flares) and to report their monthly average number of headaches.
During the intake assessment, patients also completed the painDETECT questionnaire, a validated screening tool for neuropathic pain, 21 to further classify their pain as either nociceptive or neuropathic.
Post-traumatic stress disorder
The Post-traumatic Stress Disorder Checklist (PCL-5), a validated screening tool for PTSD and the official checklist of the Diagnostic and Statistical Manual of Mental Disorders, fifth edition, 22 was used to estimate the prevalence of PTSD within the sample. The PCL-5 is a 20-item questionnaire, with each item being scored on a 5-point Likert scale ranging from 0 ("Not at all") to 4 ("Extremely"). A total score of 44 suggests a high likelihood of PTSD diagnosis, 23 and was used to identify PTSD in this study.
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Postconcussion syndrome
The Rivermead Post-Concussion Symptoms Questionnaire (RPQ) 24 was used to determine the presence of PCS in our sample. The RPQ is a 16-item questionnaire, with each item comparing a patient's pre-and post-collision state, and scored on a 5-point Likert scale ranging from 0 ("Not experienced at all") to 4 ("A severe problem"). We used a total score of ≥16 on the standard 16-item RPQ to define PCS, as established by Thompson et al. 25 We derived a modified PCS score because the validity of this questionnaire has been questioned in patients with chronic pain due to symptoms present in both disorders. 18 This was consistent with our clinical experience, which has led us to place less emphasis on headaches, constitutional symptoms (sleep disturbance, fatigue, restlessness), mood symptoms (irritability, depression, frustration), or cognitive symptoms (poor memory, poor concentration, taking longer to think). Greater emphasis was placed on six questions related to vision (blurred vision, light sensitivity, double vision) and to hearing and vestibular function (dizziness, nausea, noise sensitivity). Previous studies have suggested that these symptoms are less severe and less frequently reported in isolated chronic pain syndromes, 18, 19 which is consistent with our clinical experience. We chose the name RPQ-6 to describe a modified score with values ranging from 0 to 24. We defined PCS as a score of ≥12 on the RPQ-6 in this population with chronic pain.
Demographic and MVc-related data
Age and sex were documented as part of the screening intake. Patients also indicated whether or not they were driving at the time of collision, whether there were other passengers in the vehicle, the type of impact (front, rear, side, or other), whether they experienced a loss of consciousness, and whether they recalled any immediate symptoms of concussion (confusion, dizziness, nausea, tinnitus, blurry/double vision, or difficulty concentrating) on the scene.
emergency room medical care
Patients were questioned about the medical care they received after their MVC. They were asked whether or not they visited a hospital emergency room within 24 hours of the collision. They were also asked whether brain-imaging studies were performed (magnetic resonance imaging [MRI] or computed tomography [CT] scan), whether medications were prescribed, and if they were given a diagnosis (concussion/mTBI and/or whiplash-associated disorder). Patient report was corroborated by medical record review whenever possible.
sleep quality
Patients completed the Pittsburgh Sleep Quality Index (PSQI) during their intake assessment. The PSQI is a self-rated questionnaire that evaluates sleep quality and disturbances over the past month. 26 It contains seven-component score items that assess overall sleep quality, latency, duration, efficiency, sleep disturbances, medication efficacy, and dysfunction while awake. These component items are scored on a 4-point Likert scale ranging from 0 to 3. This corresponds to a total component score of 0-21, where higher scores signify poorer sleep quality.
PcT
PCT prevalence in our sample was determined by chronic pain patients meeting screening criteria for both PTSD and PCS. Based on screening criteria results, patients with and without PCT were sorted into respective groups for comparative analysis.
Data analysis
Our data were exported from the Ocean database platform to Microsoft Excel for Mac 2011 Version 14.0.0, and analyzed using SPSS Statistics Version 20.0. Shapiro-Wilk tests were performed to test data for normality. Mann-Whitney U-tests were conducted in order to investigate significant differences in health outcome measures between patients with and without PCT. Group differences in these values were computed using two-tailed hypothesis at a statistical significance threshold of alpha =0.05.
Results
Descriptive statistics of the sample are shown in Table 1 . The mean age of the overall sample was 43.3 years (SD=12.7), and slightly more than half of the patients were female (n=40; 56.3%). The mean duration from MVC to screening evaluation date was 753.6 days (SD=653.3), and 69.0% of the study sample were screened more than 12 months after their MVC. Most patients were driving the vehicle involved (71.8%), and a rear impact was most common (47.9%). While the majority recalled experiencing one or more symptoms of concussion immediately following their collision (76.1%), only a minority recalled a loss of consciousness (18.0%). Within 24 hours of their MVC, 74.6% (n=53) of the sample visited an emergency room, and nearly three-quarters of these patients (38 of 53) were given prescription analgesics. Upon receiving any medical care after MVC, whiplash-associated disorder was diagnosed in 40.8% of the sample, and 26.8% were told that they had likely sustained a concussion. Table 2 . High item scores (defined as a score of ≥3) for measures relating to headaches, mood disturbances (irritability, depressed mood, restlessness, and frustration), cognitive disturbances (forgetfulness, poor concentration, and thought processing), and constitutional symptoms (fatigue, sleep quality, and restlessness) were present in almost all patients. In contrast, there were lower incidences of patients reporting high item scores on RPQ measures relating to visual disturbances (blurred, vision, light sensitivity, and double vision) and vestibular disturbances (dizziness, nausea/vomiting, and noise sensitivity). Mean scores were also lower for visual and vestibular symptoms (1.775 and 2.380, respectively) than those for headache (3.535), mood (3.146), cognitive (3.061), and constitutional (3.174) PCS symptoms.
RPQ item scoring results are illustrated in
The RPQ-6 score significantly reduced the presumed prevalence of PCS in our chronic pain sample, as shown in Table 3 . Using screening criteria established by Thompson et al (2016) , an RPQ cutoff score of ≥16, 15 100.0% (n=71) of the study sample would have met the criteria for PCS. A modified RPQ-6 score of ≥12 yielded an estimated PCS prevalence of 54.9% (n=39). The RPQ-6 had a Cronbach's alpha of 0.80 in our sample, indicating good internal reliability.
Approximately half of the patients in our sample (52.1%; n=37) met criteria for PCT (chronic pain, PTSD, and PCS). Based on standard PCL-5 scores and our modified RPQ-6 score, 85.9% (n=61) of the sample met criteria for PTSD, and 54.9% (n=39) met criteria for PCS (Figure 1 ). In our sample, 24 patients (33.8%) met criteria for PTSD but not PCS. Conversely, there were only two patients with chronic pain (2.8%) who met criteria for PCS but not PTSD.
Patients who met our criteria for PCT reported significantly worse symptoms, as shown in Defined by patients meeting screening criteria for PCS proposed in this study: a total score of ≥12 on the six items of the RPQ that relate to vestibular and visual symptoms of concussion. Defined by patients meeting screening criteria for PTsD: a total score of ≥44 on the Post-traumatic stress Disorder checklist. 
Discussion
To our knowledge, this is the first report of the PCT in a civilian population. This syndrome, which includes symptoms consistent with chronic pain, PTSD, and PCS, was highly prevalent in our sample of patients referred for chronic pain after MVC. Using the PCL-5 and our modified version of the RPQ, we found a 52.1% prevalence of PCT in this population.
The prevalence of PCT in our sample is greater than the 42.1% prevalence rate reported by Lew et al (2009) in a review of the medical records of 340 Operation Iraqi Freedom/Operation Enduring Freedom veterans seen at a Department of Veterans Affairs Polytrauma Network Site. 2 However, our study population was limited to patients referred for chronic pain management, which may not directly translate to a normal sample. Notably, among military personnel with chronic pain in the aforementioned study (n=277), PCT was present in 51.6%, which is remarkably similar to our findings.
Interestingly, our sample presented with a lower incidence of PCS than PTSD. While these disorders were more commonly reported together, patients with chronic pain after MVC were more likely to have PTSD with no PCS, than they were to have PCS with no PTSD. One possible explanation is that while military personnel are psychologically prepared and trained for emotionally traumatic events, civilians are less prepared, having no formal training to help 
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Peixoto et al them cope. Physical deconditioning, medicolegal stressors, a sense of injustice, and uncertain disability benefits may also be mitigating factors.
Our findings of comorbid PCS and PTSD are consistent with those of Lagarde et al (2014) , who found mTBI to be correlated to PTSD development. 27 They also support data reported by Brenner et al (2010) , who suggest that PCS is more common in patients with PTSD after mTBI than in those with either mTBI or PTSD alone. 28 There appears to be a complex interplay between PTSD and PCS, which may Significantly worse pain, headache, and sleep quality outcomes were reported in patients with PCT in our sample. Pain can be aggravated by other unpleasant symptoms, including those seen in PTSD and PCS. 2, 31, 32 This may partly explain the increased pain severity reported in our patients with PCT.
While differences in painDetect scores were not statistically significant between patients with and without PCT, there was a trend toward an increased risk of neuropathic pain 
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The polytrauma clinical triad after motor vehicle collision among the PCT group. This may be related to an increased tendency toward developing central sensitization among those patients suffering from a brain-related disorder or neurotrauma, 33 but this cannot be confirmed in our sample. According to Freyhagen et al (2006) , individuals with neuropathic pain show higher ratings of pain intensity and present with more mood and sleep disorders. 21 Patients with PCT appear to have worse sleep quality, as indicated by higher mean PSQI scores. In a study assessing sleep disturbance in 200 veterans with PCT, Lew et al (2010) reported a high prevalence of sleep disturbance that was attributed to interactions between PTSD and PCS, and those between PTSD and pain. 34 Worse sleep quality among patients with PCT in our sample is likely attributed to the same underlying mechanisms. Pain and post-traumatic stress following traumatic brain injury can cause prolonged cognitive issues and exacerbate symptoms related to each respective disorder. 35, 36 Further study may provide greater insight into how chronic pain, PTSD, and PCS contribute to the health outcomes of these patients.
In our sample, about half of the patients with chronic pain (54.9%; n=39) met our modified RPQ-6 scoring criteria for PCS. This more strict approach was limited to visual and vestibular symptoms to prevent misdiagnosis based on symptoms commonly seen in chronic pain and mood disorders. A cutoff score of ≥12 on the RPQ-6 was used to define PCS in our study population. Because a score of 0 or 1 on any RPQ-6 item indicates "not experienced at all" or "no more of a problem" (than before injury), respectively, an item score of 2 ("a mild problem") or greater is indicative of a symptom that is secondary to injury. [37] [38] [39] Therefore, a PCS screening cutoff score of 12 on the RPQ-6 was chosen as it relates to an average item score of 2 on each of the six symptoms on the RPQ-6.
A diagnosis of concussion or mTBI was made in fewer than half patients who met screening criteria for PCS (48.7%; 19 of 39), which is similar to the 42.9% rate of missed mTBI diagnoses in MVC patients reported by Sharma et al (2014) . 40 These results suggest a potentially high frequency of missed diagnoses of mTBI after MVC, which may lead to worse outcomes in these patients. This may commonly occur among patients presenting with soft tissue pain, in whom a thorough history for possible concussion can be easily overlooked. Factors contributing to missed acute care mTBI diagnosis in these patients include the presence of trauma-associated emotions and issues relating to the treat to life experienced in an MVC, post-traumatic amnesia impairing patient recall of MVC-related events and acute symptoms, subtle neuropathology of mTBI to which neuroimaging (CT scan or conventional MRI) is not sensitive or specific, and an acute care focus on the evaluation and treatment of whiplash-associated pain and injuries. 40, 41 Therefore, it is critical to carefully screen acute MVC patients to rule out possible mTBI. Additionally, it is important to ask patients, first responders, and anyone else present on the scene about confusion, nausea, dizziness, amnesia, and other symptoms that may have resolved before the emergency room assessment takes place.
Using a cutoff score of ≥12 on the modified six-item RPQ, we obtained a PCT prevalence that was similar to that reported in military populations with chronic pain. 2 This was much more useful than the method of RPQ scoring suggested by Thompson et al, 25 which yielded an unreasonable 85.9% prevalence of PCT in our sample (Table 3) . These preliminary data suggest that nearly all patients with chronic pain report headaches, mood disturbances, cognitive disturbances, and constitutional symptoms. The remaining six items, which relate to visual and vestibular disturbances, were used to develop a potentially more useful screening tool, the RPQ-6.
Our proposed modified RPQ-6 score should be considered preliminary in nature. This tool was developed based on clinical judgment and is supported by an analysis of patient-reported scores for each item on the RPQ (Table 2) . Because our findings support the potential role of a modified RPQ-6 to identify PCS in the presence of chronic pain, further studies should be performed to identify a more reliable clinical tool in this population. Our modified RPQ-6 was a more reliable screening tool for identifying PCS in patients with chronic pain. 
1934
Peixoto et al
Our study had a number of limitations. While we used validated screening tools for PTSD and PCS during our intake assessments, patients were not formally diagnosed with either syndrome based on an overall clinical impression. As a result, the prevalence of these disorders in our sample was based on symptom scores alone, which may have led to us under-reporting or over-reporting prevalence rates for PCS, PTSD, and consequently PCT. Moving forward, our intake assessment will include a checklist approach that requires the evaluating physician to establish a clinical diagnosis that will be correlated with questionnaire results.
As study measures required patients to retrospectively describe symptom presence, severity, and frequency, variations in patient recall accuracy subject our data to recall bias. 42 In addition, patients may have felt a need to overreport symptoms for reasons related to secondary gain. They may also have felt a sense of injustice after prolonged unresolved health complaints and disputes with insurers and other providers.
While we believe that our modified RPQ-6 is an important and novel approach to identifying PCS in patients with chronic pain, it has not been prospectively validated, and as such it should be used with caution. However, because the six items measured on the RPQ-6 are drawn from the validated 16-item RPQ, the RPQ-6 was assumed to reliably assess vestibular and visual concussion symptomology and, therefore, accurately screen for PCS. It is more likely that our use of a modified RPQ-6 led us to underreport PCS in our sample.
At present, there are no diagnostic biomarkers for PCS, and its diagnosis is based on the evaluating physician's clinical impression of symptom presence and severity. 43, 44 Recent studies have suggested that diffusion tensor imaging abnormalities may correlate to mTBI and PCS incidence. [45] [46] [47] [48] However, its role in clinical care has not yet been established. 45 Therefore, there is currently no diagnostic tool to compare our findings to and validate the RPQ-6. Future research aiming to validate the RPQ-6 and our proposed cutoff score should be done in comparison to a neuropsychological assessment performed by a neurologist. Screening results can be compared against clinical diagnoses to assess the sensitivity and specificity of the RPQ-6, and to prospectively validate it as a diagnostic instrument for PCS in polytrauma injury patients.
In addition, patient-reported scoring to RPQ-6 items may become confounded in the presence of chronic pain and other disorders, which could lead to over-reporting PCS prevalence. Dizziness and nausea, two prominent vestibular symptoms associated with PCS, may result from side effects associated with prescription analgesics taken for chronic pain management. 49 However, less than a quarter of our study population reported current prescription analgesic use (Table 1) . Therefore, symptoms of dizziness and nausea reported in our sample are more likely attributed to PCS. Moreover, light sensitivity, a visual symptom associated with PCS, may only present during migraine or migraine-like episodes, 50 but may be reported by patients as a concussionrelated symptom. Moving forward, our intake assessments will address if RPQ-6-related PCS symptomology is present in the absence of other potential underlying causes.
Our data are subject to selection bias, as our study originates in a population with an established diagnosis of chronic pain. 51 This may represent a higher-risk population that was referred based on greater perceived impairment. While this selection bias may have led to an increased likelihood of finding a higher prevalence of PCT in our sample, our study is strengthened by the homogeneous nature of the mechanism of injury and subsequent clinical and psychosocial experiences among the study population. While our sample may not be representative of the general chronic pain population, the high prevalence of PCT and the potential role of a modified RPQ-6 as a screening tool in these patients remain notable. Future research should evaluate PCT prevalence in a larger, general sample of patients with chronic pain after MVC.
Our study findings are important because they represent the first report of PCT in a civilian population and support the potentially synergistic effects of chronic pain, PTSD, and PCS in these patients. 2, 31, 32 Patients who suffer from PCT may have more difficulty coping with the wide range of symptoms they are experiencing. 2 This may increase the long-term psychological, social, financial, and health burdens of these disorders and may impair treatment effectiveness. 15, 16, 52 Furthermore, the overlapping cognitive and mood disturbance symptoms that are related to chronic pain, PTSD, and PCS 2, 18, 19, 29 can hinder our ability to accurately attribute the cause of symptoms to a particular disorder. These findings underscore a lack of a "gold standard" in assigning diagnoses when patients present with a myriad of compounding symptomology. However, the high prevalence of PCS reported in this study highlights the need for health care practitioners to accurately screen acute MVC patients to rule out possible mTBI and to consider PCS in patients with persistent whiplash symptoms.
Overall, the results of this study suggest that the PCT is highly prevalent among patients with chronic pain secondary to MVC. In addition, our data support that chronic pain, PCS, and PTSD rarely occur in isolation, as these conditions were found to be more often comorbid with one another. These 
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The polytrauma clinical triad after motor vehicle collision findings highlight the importance of treating the whole person when providing care for these patients, rather than treating a particular disorder. 2 Additional research is needed to identify the causal factors leading to chronic pain, PTSD, and PCS in these patients, and to better understand the specific factors that lead to the development of PCT. This may lead to earlier and more frequent use of targeted, multidisciplinary assessment and intervention strategies in the future.
